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COMPLETE SPECIFICATION 
Retrieval system for logging while drilling 



We, Texaco Developmjent Corporation, 
a Corporation organized under the laws of 
the State of Delaware, United States of 
America, of 135 East 42nd Street, New 

5 York 17. State of New York, United States 
of America, do hereby declare the inven- 
tion, for which we pray that a Patent rnay 
be granted to us, and the method by which 
it is to be performed, to be particularly 

]() described in and by the following state- 
ment: — 

This invention relates to a method and 
apparatus for geophysical prospecting and, 
more particularly, to a method and appa- 
15 ratus for simultaneously drilling and logging 
a bore hole. 

More specifically, the invention concerns 
a method and apparatus for transmission 
of logging information from the bottom 
20 of a v/ell bore to the surface of the earth. 
In the conventional method of logging a 
borehole the log is obtained while the 
drilling operation is interrupted, during 
which time the drill pipe is removed and a 
25 logging instrument suspended by a steel- 
shrouded conductor electrical cable is 
lowered into the borehole. As the instru- 
ment penetrates different geological strata, 
information in the form of electrical signals 
30 is transmitted from the bottom of the bore- 
hole to the surface of the earth through the 
conductor cable where it is recorded on a 
chart. 

There are several disadvantages in using 
35 the conventional logging method. An im- 
portant disadvantage is that the drilling rig 
must be idle while the logging crew takes 
over the well bore. Furthermore, during the 
drilling operation the drilling fluid in the 
40 borehole invades the formation around the 
borehole changing the electrical character- 
istic of the formation. Invasion is pro- 
gressive with time and may sufficiently 
[Price 4s. 6d.] 
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contaminate the formation to confuse the 
interpretation of logs obtained at a consider- 4i 
able time after the mud begins to invade 
the formation. Depth control to a certam 
formation is difficult in that the desired 
strata may have been drilled through before 
a log is run: 

It has been found that many of these 
disadvantages may be eliminated or miti- 
gated by simultaneously logging and drill- 
ing. In an effort to achieve the objective ol 
logging while drilling, several methods have 5^ 
been used or proposed heretofore. One of 
the first methods of logging while drilling 
was to observe the cuttings in the drilling 
mud as they came to the surface. How- 
ever, this method has proven to be subject 60 
to considerable error since the cuttings of 
the various formations become intermixed 
and are greatly diluted by the mud which 
carries them to the surface where they are 
examined. 

Another method of logging while drilling 
attempts to overcome the important prob- 
lem of transmission of information* to the 
'surface by utilizing a specially fabricated 
drill pipe having two insulated electrical 70 
conductors through each joint which are 
terminated in spring loaded pin and socket 
connections. When the drill string is made 
up, these connections are engaged and 
thereby effect a two-wire-line transmission 75 
system between the subsurface and surface 
equipment. This transmission system has 
been found to be impractical due to the time 
required to make the electrical connections 
at each pipe joint and to the lack of elec- 80 
trical and mechanical reliability and 
durability thereof. 

Another logging while drilling system 
utilizes electromagnetic couplings between 
joints. This system consist of a large num- 85 
bfer of transformers in cascade to effect 
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communication between the surface and 
subsurface equipment. The physical instal- 
lation requires the placement of a coil of 
wire at each end of each joint of the drill 
5 pipe. The coils are co-nnccted together by 
a two-wire cable within each length of drill 
pif^e. When the drill string is made up pairs 
of coils come into proximity providing 
electromagnetic coupling between joints. 

10 Due to the loss of energy at each coup- 
ling, this type of transmission system should 
include a number of booster or repeater 
stations. A frequency replacement of energy 
sources at these booster stations ascribes to 

15 this method of signal transmission disad- 
vantages that are associated with making 
direct manual connections at each joint. 

Still another method of logging while 
drilling employs an electrical transmission 

20 system from the sub-surface to the surface 
equipment which utilizes the steel drill 
pipe as one conductor and a second con- 
ductor is provided by installing an insu- 
lated conductor in the center portion of 

25 the drill pipe. The means of coupling the 
second conductor from the bottom of one 
joint to the top of the next involves the 
fitting of a probe into a cup or vial of 
mercury. A disadvantage of this method, 

30 however, lies in the fact that the center 
of the pipe is no longer available for special 
purpose equipment as is often used in the 
process of drilling and therefore this 
arrangement is also considered im- 

35 practical. 

In still another method of logging while 
drilling the disadvantages encountered in 
providing a practical transmission path for 
the logging signal from the subsurface to 

4Q the surface equipment are avoided by utiliz- 
ing a completely self-contained logging unit 
mounted in the drill collar im^mediately 
above the drill bit. Logging intelligence is 
recorded on either photographic film or 

45 magnetic tape which is removed from the 
instrument housing when the drill collar 
is returned to the surface, as for replace- 
ment of the drill bit, which operation is 
ordinarily conducted about once every 

5Q twenty four hours. The film or tape is then 
translated as a function of depth to pro- 
vide a strip chart log of the borehole. 
A disadvantage of this method lies in the 
fact that' the logging information is not 

55 available to the operator until some time 
has elapsed, which may be as much as a 
full day after a zone of interest has been 
penetrated by the drill bit. A system of 
this type is disclosed in British Patent 

60 Specification 867.019. 

The invention provides a system for trans- 
miting logging intelligence from the bottom 
of. a well bore to- the surface of the eanh 
while drilling operations are in progress. 

65 It also provides a system for storing 



logging information in subsurface apparatus 
in a well bore and retrieving such stored in- ' 
formation at will while the drill string is 
in the well bore. 

A method of geophysical prospecting in 70 
accordance with the present invention is 
provided which comprises drilling a bore- 
hole, simultaneously detecting a physical 
variable or parameter in the hole by means 
of logging instrumentation located in the 75 
vicinity of the drill bit. continuously re- 
cording the depth in the borehole at which 
the physical variable is being detected, 
lowering an " overshot " device into close 
proximity to the logging instrumentation in 80 
the borehole, receiving logging intelligence 
from the logging instrumentation in 
the form of an electrical signal with the 
overshot device, and transmitting this in- 
telligence to recording equipment located 85 
at the surface of the earth where the logging 
intelligence may be recorded as a function 
of depth of the instrumentation in the hole 
to provide a log of the borehole. 

The method of the present invention may 90 
be carried out with novel apparatus for 
logging a subsurface physical variable or 
parameter while drilling a borehole through 
the earth's formations which comprises a 
tubular member or housing adapted to be 
inserted in a conventional drill stem or 
string, a sealed container or pressure type 
capsule disposed within and secured to the 
housing and adapted and arranged to i>er- 
mit the passage of fluid through the hous- lotj 
ing. means disposed at least in part within 
the capsule for detecting values of the para- 
meter being measured, including^ means for 
passing an electrical signal descriptive of the 
logging intelligence through an electromag- j(;5 
netic circuit, a signal sensing and trans- 
mission device containing an electromag- 
netic signal receiving inductor adapted to 
be lowered into the borehole through the 
drill string on a conductor cable to a posi- i |o 
tion immediately adjacent the e lectrom ag- 
neti c transmitting circu it associated with the 
*^§i£U21I*--03.eans. Additional means is 
located at the surface of the earth for re- 
ceiving and recording signals passed over 115 
the' conductor cable to produce a graphic 
record or log of the borehole. 

A modification of the present invention 
contemplates that information concerning a 
physical variable in the borehole is recorded |20 
or stored in the. subsurface apparatus during 
the period when drilling is progressing^ and 
the recorded information is transmitted to 
the surface intermittently. This modific- 
cation' includes, the additional steps of mag- *25 
netically recording information concerning 
the- physical variable or parameter at. a 
given magnetic tape transport speed and 
playing back the recorded information, pre- 
ferably at a faster tape transport speed, in 130 
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response to. an activating signal furnished 
by an overshot device. In accordance with 
this modification, the overshot device may 
be periodically lowered, in the borehole at 
5 any" desired time rather than be positioned 
there during the entire drilling operation. 
Additional apparatus utilized in conducting 
a logging while drilling operation in accor- 
dance with this modification includes means 
10 in the sealed capsule for recording the elec- 
trical signal descriptive of the legging in- 
telligence, means for playing back the log- 
ging intelligence signal through an electro- 
magnetic circuit upon application of an in- 
15 struction signal to the magnetic recording 
mechanism, and means associated with the 
overshot device for applying such instruct 
tion signal. 

According to the invention, there is pro- 
20 vided apparatus for simultaneously drilling 
and logging a well bore penetrating earth 
formations comprising a sealed housing 
adapted to be mounted axially inside a drill 
string, instrumentation means disposed 
25 within said housing for continuously re- 
ceiving indications of values of a physical 
characteristic, said instrumentation means 
Including means for recording intelligence 
in the form of electrical signals and subse- 
30 quently playing back said intelligence, and 
means adapted to be lowered separately into 
said well 'bore for transmitting logging 
intelligence from said recording means to 
the surface of the earth. 

The invention also includes the method of 
logging a well bore penetrating the earth 
wherein logging instrumentation is con- 
tained in a sealed housing positioned in the 
drill .string in proximity to the drill bit 
40 and an electrical intelligence signal indi- 
cative of values of a physical characteristic 
is recorded while the drill string is rotating, 
the improvement comprising ceasing the 
recording when the drilling .operation is 
45 suspended, playing back the recorded elec- 
trical intelligence signal through an indue* 
tive circuit in response to an externally 
applied play back signal, detecting said 
electrical intelligence signal with an induc- 
50 tive circuit lowered through the drill string 
and positioned adjacent said housing, trans- 
mitting said detected signal to the surface 
of the earth over an electrical conductor, 
and recording said transmitted signal as a 
55 log of said well bore. 

Reference will now be made to the 
accompanying drawings in which like parts 
are designated by like reference numerals 
and in which: 

Fig. 1 illustrates- an elevational view, 
partly in cross section of a borehole con- 
taining a rotary drilling system including 
a preferred form of geophysical prospecting 
apparatus in accordance with the present 
invention mounted in the vicinity of the 
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drill bit; 

Fig. 2 illustrates an enlarged, side eleva- 
tional view, partly in cross section of the 
upper end of the logging instrumentation 
housing and associated overshot device 70 
shown in Fig. 1 ; 

Fig. 3 illustrates an electrical control 
and switching system for use in connection 
with the structure shown in Fig. 2; 

Fig. 4 illustrates an enlarged, side eleva- 75 
tional viev/, partly in cross section of an- 
other embodiment of the upper end of the 
logging instrumentation housing and for 
the overshot device shown in Fig. 2; 

Fig. 5 illustrates an electrical control and 80 
switching system for use in connection 
with the structure shown in Fig. 4; 

Fig: 6 illustrates in block diagram form 
component sections comprising an embodi- 
ment utilizing magnetic recording. 85 

Referring to the drawings in more de- 
tail* there is shown in Fig. 1 a borehole 8 
traversing a plurality of earth formations 
9 containing the lower portion, of a drill 
stem or string 10 including a drill bit 1^ 9D 
a- conventional sub 13 connected to bit 12, 
a tubular housing or pipe 14, a bottom 
adapter or connector sub 15 connecting 
conventional sub 13 to housing 14. a con- 
ventional drill collar 16, and a top adapter 95 
or connector sub 17 connecting housing 14 
to drill collar 16. A sealed container o r 
capsule 20 adapted to withstand pressures 
encountered in the drilling of the borehole 
and which may be in the range of 14,000 100 
pounds per square inch or higher is dis- 
posed coaxially within housing 14 and is 
rigidly secured thereto by bosses or studs- 
21. Capsule 30 comprises a hollow cylinder' 
22 and top and bottom caps 24 and 26 . 105 
respectively. Within- capsule 20 there is con- 
tained logging equipment, optionally in- 
cludin g a magnetic recording and playba ck 
. device and associated electronic circuitry 30, 
logging circuitry 32, comprising circuits and 110 
components for measuring the specific 
variable or parameter being logged, control 
linit. 33 comprising appropriate switching 
mechanisms, , as will be explained later with 
reference to Fig. 3 and Fig. 5, a pow er 115 
s ouxcg 34' comprising a _plurality of voltai c 
rftiis. qn ii ring rnnnectnr J!), in the embodi- 
ment shown: in Fig. 4 imbedded in insulat- 
ing material 68' in a groove 66' in top 
cap 24' is a coil 36' connected in the output 120 
circuit, of magnetic recording and playback 
device. 30', or in the event device 30^ is 
notv employed^ as- will be explained later, 
coiK 36' is- connected in the output of log- 
ging circuitry 32'. At the surface of the 125 
earth-there is shown a: depth measuring de- 
vice 37 in contact with drill string 10 for 
continuously recordings the depth of drill 
bit 12 in* borehole 8 as a function of time. 
A. substantial portion of outer housing 14- 130 
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is covered with a layer of insulating 
material 38 in which may be imbedded 
electrical logging electrodes 28 and 29 in 
the event electrical characteristics of bore- 
5 hole 8 are to be logged. These electrodes 
may be of the usuaF type of construction, 
such as a metallic conductor encircling 
sealed container 20 and electrically con- 
nected through slip ring connector 35 to 
10 logging circuitry 32. An overshot device 39 
is shown suspended in borehole 8 by means 
of conductor cable 40 running over pulley 
and cable measuring device 41, which is a 
part of the draw works (not illustrated) used 
15 for lowering and raising overshot device 
39. Overshot device 39. structural details 
of two types of which are shown in Fig, 
2 and Fig. ' 4, is designed to fit over top 
cap 24 and contains an electrical coil for 
20 receiving the. logging signal from coil 36 for 
transmission over cable 40 to surface log- 
ging electronics and recorder 42 and signal 
generator 43. 

Fig. 2 illustrates an embodiment wherein 
25 logging information is passed directly from 
logging circuitry 32 to coil 36 for con- 
tinuous transmission to the surface of the 
earth. Overshot device 39 is shown sus- 
pended from wire-line 40 by means of cable 
30 anchor 64 in position for coil 64 to receive 
signals from coil 36 by electromagnetic in- 
duction. Coil 36 is wound around permeable 
iron core 80 located inside top cap 24 and 
receiving coil 64 is wound around iron core 
35 82 loca'ted in overshot device 39. Since 
signal transmission between coil 36 and 64 
is accomplished by electromagnetic induc- 
tion, the presence of a material having mag- 
netic susceptibility, such as iron or steel 
40 between cores. 80 and 82 is undesirable in 
that such material interferes with the electro- 
magnetic line of force. Therefore, in the 
embodiment of Fig. 2, top cap 24 and the 
lower portion of overshot device 39 enclos- 
45 ing core 64 are constructed of a non- 
magnetic material, preferably brass although 
other non-magnetic miaterials such as alu- 
minum may be used, as well as high 
strength plastics such as lucite or re-inforced 
50 epoxy. The female portfon of overshot 
member 39 fits over top cap 24 and is pro- 
vided with relief port 70 to permit escape 
of drilling mud within the female portion as 
overshot member 39 is lowered into posi- 
55 tion over top cap 24. The input to pre- 
amplifier 72 located in the up'per end of 
overshot member 39 is electrically connected 
by leads 74 to pickup coil 64 and its output 
is connected by leads 76 to wireline con- 
ductor cable 40. 

Further in reference to Fig. 2, sealed 
capsule 20 is rigidly secured axially within 
tubular housing or pipe 16 by means of 
bosses or studs 21. Rotatable cylinder 23 
65 contained within capsule 20 is supported at 



its top end by bearing 50 and at the lower 
end (not shown) by a similar bearing such 
that cylinder 23 is free to rotate about its 
axis within sealed capsule 20. Logging in- 
formation concerning properties or para- 70 
meters of the earth formations traversed, 
by the instrument is passed from logging 
circuitry 32 to coil 36 by means of leads 56 
connected through slip ring connector 58. 
Switch motor control unit 100, switch motor V5 
102 and switch 104, shown collectively as 
control unit -33 in Fig. 1. serve to control 
the application of electrical energy from 
power supply 34 and thus control the off- 
on condition of logging circuitry 32, as will 80 
be explained more fully in relation to Fig. 
3. 

Fig. 3 illustrates in block diagram form 
an electrical control system for use in con- 
nection with the embodiment of Fig. 2. The 85 
signal source for logging circiiitry 32 is a 
device for sensing variations in the para- 

! meter being measured. The output of log- 
ging circuitry 32 is connected to coil 36 and 
by the electromagnetic induction the log- 90 
ging signal is transmitted to coil 64 and 
thence over cable 40 to surface logging 
electronics and recorder 42. At the surface, 
signal generator 43 is also connected to 
ca'ble 40 in a manner such that on com- 95 
mand by the drilling operator coded d.c. 
or r.f. impulses is so desired, are trans- 
mitted to the subsurface equipment over 
cable 40. These impulses are transmitted by 
electromagnetic induction from coil 64 to 
36 and then over wires 56 to switch motor 
control unit 100. Here the d.c. or r.f. im- 
pulses actuate switch motor control unit 
which, in turn, actuates switch motor 102 
to control the position of off-on switch 104 105 
in the circuit between logging circuitry 32 
and power supply '34. thus turning logging 
circuitry 32 on and off as desired. 

Fig. 4 illustrates an embodiment where- 
by logging information is recorded and 
stored on magnetic tape until playback is 
performed at a command signal from the 
surface of the earth. As in Fig, 2, overshot 
member 39' is shown suspended from wire- 
line 40^ by means of cable anchor 63' in 
position for coil 64' to receive signals from 
coil 36' by electromagnetic induction. Top 
portion 78' of overshot device 39' is solid 
metal except for conduit 77' through which 
leads 74' are passed to connect to cable 40'. 
The additional weight provided by solid 
metal top portion 78' facilitates lowering of 
overshot device 39' into position. Coil 
36 is wound in grove 60' around the outside 
of • top cap 24' and is embedded in a suit- 
able insulating material 62'. Coil 64' is 
wound in groove 66' aroiind the inner cir- 
cumference of overshot device 39' and is 
embedded in insulating material 68'. Leads 
74' connecting coil 64' ito cable 40' are 
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located in a slot 79' along tho interior wall 
of overshot device 39^. The femaJe por- 
Cion of overshot, device 39' fits over top 
cap 24' and is provided with relief port 
.'S 70' to permit escape of well bore fluids 
within the female portion as overshot mem- 
ber 39^ . is : lowered , into position over top 
cap .24;. 

In the ; lower portion of Fig. 4, sealed 
to capsule W is rigidly mounted axially with- 
in tubular housing or pipe 16' by means of 
bosses or studs 21'. Rotatable cylinder 23' 
contained within capsule 2(7 is supported 
at its top end by bearing 50' and at the 
15 lower end (not shown) by a similar bearing 
such that cylinder 23' is free to rotate about 
its axis within sealed capsule 20'. While 
lodging circuitry 32' located within cylinder 
2y\'^ besn previously referred to as being 
20 of a type useful in 'conducting electrical 
loggins. this invention is not restricted to 
^uch Togging service and logging circuitry 
3.2' merely indicates - a ; source of an elec- 
trical signal suitable for recording on mag- 
25- netic tape, whether the signal be derived 
from an electrical log (resistivity or spon- 
taneous potential), radio-activity log (naitural 
or induced), acoustic log (velocity or at- 
tenuation),, temperature ; log (absolute or 
30 gradient), pressure log (absolute or differen- 
tial), bit vigration data, or any other para- 
meter which may be measured in a well 
bore from which a suitable signal may be 
derived for recording on magnetic tape. 

In general, it is preferable that logging 
information recorded on magnetic tape be 
in the form of electrical pulses. In radio- 
activity logging operations wherein Geiger- 
Mueller type counters or scintillation de- 
i^O tsotors are employed for detection of the 
desired radiation, the output signal from 
such counters and detectors is obtamed 
directly in the form of electrical pulses which 
either may be recorded on magnetic Upe 
;4!y in their original form, or may be first passed 
to scaling circuits to reduce the number of 
p^ilses recorded. They ra.ay also, if desired, 
be passed to pulse shaping networks for 
conversion to square wave pulses: prior to 
-50 recording. Although a logging signal origin- 
ally derived as a varying dx. voltage, as for 
example in the case of electrical and acoustic 
logging* may be recorded directly, it is pre- 
ferable that such signals be converted into a 
.55 train of pulses, the repetitive frequency, or 
atnplitudes of. which are a function of the 
amplitude of the original dx. signal. A 
preferred method for transforming a signal 
which occurs as a - varying d.c, voltage an.to 
;60 a series of discrete electrical pulses which 
var>' 'in repetitive frequency as a function of 
the amplitude of. the- unidirectional signal 
voltage is described in British Patent Specie 
fication 867,019. 
65 ■ The output of logging circuit 32 is con- 



nected to the input of magnetic recorder 
and playback device 30' by means of leads 
52'. Power supply 34'. also located in 
cy:linder 23'. furnishes electrical power for 
the operation of logging circuitry 32' and 70 
recorder 30', the application of electrical 
power to these elements being conUolled by 
switch 104' which is oper&ted by switch 
motor 102' and which, in turn, is actuated 
by switch motor con-trol unit ICKy. Fur- 75 
ther reference will be made to these elements 
in connection with .Fig. 5. The output, or 
playback, from recorder SCK is connected 
to coil 36' by means of wire leads 54', slip 
ring connector 58' and leads 56' in sequence. 

Referring now to Fig. 5. which illustrates 
in block diagram form an electrical control 
system for use in connection with the em- 
bodiment of Fig. 4. an electrical signal in a 
form suitable for magnetic ' recording, as 85 
previously discussed, and indicative of. values 
of a parameter being measured is produced 
in logging circuitry 32' which, is operated by 
power supply 34'. preferably, comprised of 
batteries. The off-on condition of logging 90 
circuitry 32' , is - controlled by means of con-: 
trol switch 104' located in the circuit con- 
necting logging circuitry 32' to power supply 
34'. The signal source for logging circuitry 
32' is a device for sensing variations in the 95 
parameter -being measured, .which' may be 
electrodes in the case of electrical Togging; 
radiation detectors in the case of radio-, 
activity logging, acoustic transdiicer 
elements in the case of acoustic logging. 100 
pressure or temperature sensing elements in 
the case of pressure or temperature logs, etc: 
The elctronic circuits forming logging cir- 
cuitry 32' may be any of the circuits dis- 
closed in the prior art for handling the de^ 105 
sired type of logging signal. The output of 
logging circuitry 32' is connected to the 
input of magnetic recorder 30' where the. 
logging information is recorded on m-ag- 
netic tape for subsequent, playback. Elec- MO 
trical power for the operation of magnetic 
recorder 30^ is supplied by power supply 
34'. The off-on record-playback condi- 
tions of magnetic recorder SO' are also 
controlled by control switch 104' located I I s 
in the circuit connecting magnetic re- 
corder 30' to power supply 34'. Tape 
transport speed during recording may 
be of the order of a few inches per minute, 
and recording tape speeds ranging fxbm 1.12 120 
to 22:5 inches fer minute have been found 
to be quite satisfactory. Playback lap^ 
transport speeds from 10 to several hundred* 
times the recording transport speed I^^ve. 
been found to be quite satisfactory.- Play- 125 
back preferably is accomplished during a 
high-speed rewind cycle, in which case the- 
information is transmitted to the surface in: 
reverse order from that in which it was: 
recorded. However, if desired; information: 130 
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may be played 'back in the same order in 
which it was recorded by employing a 4-step 
sequence of operations, for example, for- 
ward record, . reverse hieh speed rewind. 
,5 forward high speed olayback, and j-everse 
high speed rewind. 

The output of magnetic .recorder 3(7 is 
cycled to coil -36' by means of wire leads 
58' ..and information being played back is 
10 'transmitted to coil 64" by electromagnetic 
induction and thence over cable 40' 'to sur- 
face logging electronics and recorder 42' 
where the information is recorded in. visible 
form, such as a strip chart. 
I 5 ^ Ailso connected to cable 40^ at the surface 
is signal generator 43' in which command 
signals, either coded d-s. or r.f., arc gener- 
ated as desired by the drilling operator and 
are -transmitted down-hole over cable 40^ 
20 and coils 64' and 36' .to switch motor control 
unit 100'. The transmitted coded pulses 
actuate switch motor control unit 100' which 
in turn operates . switch motor 102'. which 
moves control switch 104' to .the desired 
25 positions for turning the subsurface equip- 
ment on or off and for controlling the 
operation of magnetic recorder 30^ to effect 
recording or playback, as well as rewind in 
case a 4-step sequence is employed as 
3Q. piwiously explained. 

In Fig. 6 the component sections in 
block form of a system based on downr 
hole magnetic recording of logging data 
vv-ith provision for playbaclc and transmis- 
35 sion of the data to the surface upon a com- 
mand initiated at the surface. In this em- 
bodiment, logging information for any de- 
sired parameter to be measured is detected 
in- data sensing instrumentation 110 and 
40 translated into a form suitable for recording 
on magnetic tape. In general, the most suit- 
able form is as electrical pulses as previously 
discussed. The logging information is then 
recorded in magnetic tape recorder 112. the 
43 operation of which is controlled by slave 
control unit 114. As previously explained 
in connection with Figs. 4 and 5, record- 
ing and playback are controlled from the 
sprface of the earth by means of electrical 
50 signals transmitted down-hole to slave con- 
trol unit 114. During playback of the 
recorded information the playback signals 
are amplified in down-hole amplifier 116 
and the amplified signals are transmitted to 
55 the surface of the earth by means of sub- 
surface coupling unit 118 and tinansmission 
line 120. Subsurface coupling unit 118 may 
bo' of any form or design suitable for in- 
ductive or transformer coupling of the sig- 
<30 nals from amplifiers 116 to transmission line 
120. Two embodiments by means of which 
such transmission can be effected have been 
described in connection with Figs. 2 and 4 
but it is not intended that our invention be 
-65 limited to the specific embodiraenits pre- 



viously described. Rather it is contemn 
plated that we may employ any design or 
type of structure which will -accomplish the 
transfer of electrical energy by electro- 
magnetic coupling or transformer action 70 
from the subsurface Jogging unit shown in 
Fig. 1 to a-signal pick-up and transmissioa 
device lowered separately into the boreho;le, 
as exemplified by overshot device 39 of 
Fig. 1. 73 

At the surface of the earth, the signals 
conducted over transmission line 120 are fed 
to surface coupling unit 122. By means of 
iinit 122. command unit 124 and data hand- 
ling system 126 are coupled to transmission 8'/ 
line 120, making it possible to transmit over 
the same transmission line .logging informa- 
tion from the downhole instrumentation to 
the surface data handling system 126 and 
command signals from surface command 85 
unit 124 to downhole to slave control unit 
114. Advantageously., surface coupling 
unit 122 comprises electromagnetic elements 
for inductive or transformer coupling. 

Command unit 124 includes appropriate 90 
circuitry for generating electrical signals for 
controlling the operation of downhole mag- 
netic tape recorder 112. Command signals 
generated ia command unit 124 may be 
coded d.c. pulses or r.f. signals of specific 9> 
frequencies which are impressed on trans- 
mision line 120 by means of surface coup- 
I'mg unit 122. Downhole, these signals are 
transmitted via subsurface coupling unit 118 
to slave control! unit 114, which in turn re- MM) 
sponds to the command signals and con- 
trols the operation of magnetic tape re- 
corder 112 in accordance with the instruc- 
tions transmitted to it in the command 
signals. jo5 

Data handling system 126 receives the 
logging information transmitted to the sur- 
face from the subsurface equipment and 
translates this information into a form suit- 
able for recording as a function of the HO- 
depth of the subsurface equipment in the 
well bore, thus providing a log of the earth 
formations traversed by the subsurface 
equipment. Monitor system 130 is also 
connected to data handling system 126 and M> 
provides for instantaneous visual inspec- 
tion of the logging data received at the sur- 
face. 

In employing the system described in the 
foregoing for making a Jog of eairth forma- 120 
tions traversed by a drill bit while the drill- 
ing operation is in progress, for the most 
part the drilling operation proceeds in an. 
essentially normal manner. However, when 
the welJ bore being drilled reaches a depth 125 
at which it is desired to start obtaining in- 
formation regarding the: characteristics of 
the surrounding formations the logging 
while drilling apparatus of this invention is 
inserted between sub 13 and conventional 130 
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drill collar 16 of the drill stem. Prior to 
final assembly the logging nicchanism in 
sealed capsule 20 may be placed into opera- 
tion by throwing an appropriate switch. 

• 5 However, in order to conserve batteries, it 
is preferable to activate the clogging cir- 
cuitry after the drill bit has reached the 
bottom of the well bore and drilling has 
started. Thi^ may be accomplished either 

iO by means of a timing mechanism, a centri- 
fugal switch which activates the' instrumen- 
tation when the drill bi't is turning, both of 
which are known in the art, or the device, 
may be activated by means of a suitable 

\5 control signal applied fjom the surface of 
the earth to the logging device by means 
of overshot device 39. This signal may be 
either of a coded pulse type or may be an 
r.f. signal. 

10 When the apparatus illustrated in Figs. 
2 and 3 is employed, logging information 
is transmitted continuously .to the surface 
while the drilling operation is being con- 
ducted. With this arrangement it is neces- 

25 sary to lower overshot device 39 into the 
drill stem each time a stand of pipe is 
added to the drill string. Likewise, it is 
necessary to raise overshot device 39 to the 
surface prior to adding another stand of 

:iO pipe. The advantage of this arrangement 
is that logging information is transmitted 
to the surface continuously while drilling 
is taking place and zones of interest can 
be detected immediately upon being tra- 

35 versed by the drill bit. An activating sig- 
nal generated in signal generator 43 oper- 
ates switch motor control unit 100 and 
switch motor 102 in the downhole device to 
move switch 104 from one position to an- 

40 other. With this arrangement, the only 
function of switch 104 is to turn the .logging 
circuitry on and off. Thus, when overshot 
device 39 is located in place over the top 
cap 24 an impulse from the surface starts 

45 the logging operation and information is 
transmitted to the surface over cable 40 
until a second impulse from the surface 
turns the logging equipment off. Overshot 
device 39 is then pulled up the drill stem 
^0 to the surface to permit another stand of 
pipe to be added to the drill string. A 
continuous strip chart log of the formations 
is recorded on sttrface recorder 42 as drill- 
ing progresses. This information is cor- 
55 related with time-depth recorder 41 to ob- 
tain a depth log of the well bore. 

In another method of conducting a log- 
ging operation in accordance with the sub- 
ject invention utilizing the apparatus of 
'dO Figs. 4 and 5, logging information is re- 
corded on magnetic tape and at periodic 
intervals is played back and transmitted to 
the surface upon application of a playback- 
control signal to the .logging instrument. In 
65 this method it is not necessary to lower 



the overshot device into the well bore prior 
to the time transmission of the logging in- 
formation is desired. Under these circum- 
stances, it is preferable either to activate 
the logging circuitr>' at the surface before 70 
it is lowered into the well bore, or by a 
timing mechanism set to activate the log- 
ging circuitry at approximately the time the 
bit reaches the bottom, or to cause it to be 
activated by rotation of the drill bit as pre- 75 
viously mentioned. 

After drilling has progressed for a period 
of time and it is desired to transmit the 
logging record to the surface, overshot de- 
vice 39' is lowered into well bore 8 through 80 
drill stem 10. This is accomplished by re- 
moving the kelley at the top of the drill 
stem and lowering overshot device 39' 
throueh drill stem 10 by means of suitable 
drawworks located at the surface. Ob- 85 
viously, overshot device 39' must have suf- 
ficient mass to descend through the drilling 
mud in the drill string at a reasonable rate 
of speed. When overshot device 39' has . 
been lowered until it rests on top of sealed 90 
capsule 20' such that coil 36' is opposite 
coil 64' a suitable coded pulse or an r.f. 
signal of specified frequency is transmitted 
from signal generator 43' at the surface 
to the borehole instrumentation in order to 95 
stop the recording mechanism in capsule 
20^ and initiate information playback by 
means of a system such as that shown in 
Fig. 5. Playback is performed at a faster 
tape speed than is used during recording in 100 
order to reduce down time of the drilling 
rig while ithis operation is being conducted. 
Advantageously, the playback speed may 
be as much as from ten to several hundred 
times the recording speed. 105 

Referring further to Fig. 5, when an acti- 
vating signal produced in generator 43' is 
transmitted by means of cable 40' to 
coil 64' and thence by electromagnetic in- 
duction coil 36', the applied signal actuates '10 
switch motor control unit 100' which, in 
turn, operates switch motor 102 controlling 
switch 104' which, in turn» controls the 
operation of the magnetic recorder 30'. 
Thus, when the instniraent is logging and 1 1 5 
switch 104, is in the record position, a sig- 
nal or impulse from the surface will cause 
switch 104' to move to the second or re- 
wind position. With switch 104' in this 
position, the direction of the magnetic tape 120 
in the magnetic tape recorder is reversed 
and the tape is transported- in the opposite 
direction at a higher rate of speed as men- 
tioned previously. During this reverse 
movement of the tape, information is played 125 
back from magnetic recorder 30" to coil 
36' and by electromagnetic induction to coil 
64' from whence it is transmited over cable 
40' to surface electronics and recording 
equipment 49'. Here the information is 130 
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recorded on a typical strip chart or other 
suitable .recording media in correlation with 
time. In order to obtain a record in which 
the ordinate is well bore depth rather than 
5 time, it is necessary' to further correlate the 
strip chart. record with the time-depth device 
record produced on time-depth indicator 41. 

an alternative, magnetic recorder 30' 
may be provided with a high speed rewind 
and a high speed direct wind playback in 
order to transmit the logging record to 
the surface in the same time sequence as 
it was recorded. This iresults in some sim- 
plification of the surface electronics but in- 
15 crease the time required for transmission of 
information to the surface. In such evont, 
switch 104' is provided with additional con- 
tacts to control magnetic recorder 30^ 
through *' record high speed rewind 
20 " high speed playback high soeed re- 
' wiiid"- and "off" positions. Switch 104' 
is rotated through each of these positions 
by a control impulse from signal generator 
43' at the surface. • . 
25 WHAT WE CLAIM IS:— 

1. Apparatus for simultaneously drilling 
and logging a well bore penetrating earth 
formations comprising a sealed housing 
adapted to be mounted axially inside a drill 
30 string, instrumentation means disposed 
within said housing for continuously receiv- 
ing indications of values of a physical 
characteristic, said instrumentation means 
including means for recording iateJligence 
35 in the form of electrical signals and subse- 
quently playing back said intelligence, and 
means adapted to be lowered separately into 
said well bore for transmiting logging in- 
telligence frona said recording means to the 
40 surface of the earth.. 

• 2.. Appaaratus as claimed in claim 1. 
wherein said instrumentation means includes 
magnetic recording means for recording in- 
telligence in the form of electrical signals 
45 at a relaitvely slow tape transport speed 
and subsequently playing back said intelli- 
gence at a relatively . faster tape transport 
speed. . \ 

3. Apparatus as claimed in claim 1 or . 
50 2,. comprising signal. sensing. means adapted 

to be lowered separately into said well bore 
for sensing and transmitting said indica-tions 
from said., instrumentation, means to the. 
siKface of 'the earth, said signal sensing. 

55 means being adapted to fit over a reduced- 
portion of said housing at the upper end 
thereof, and coupling means located in said 
housing and said signal sensing means, to 
provi<fe for transmission of intelligence from 

60 said instrumentation means to said signal 
sensing means, 

4. Apparatus as claimed in claim U 2 or 
3» -wherein there, are inductive coupling 
means located in the housing and the elec- 

,65. trical signal sensing means to provide for 



transmission of intelligence from the in- 
strumentation, means to the signal sensing 
means. 

5.. Apparatus as claimed in claim 2, 3 or 
4. wherein the sensing means activates the 70 
magnetic recording means to concurrently 
rewijid a magnetic tape and play back re- 
corded electrical signals at a higher tape 
transport speed than the transport speed 
used for recording the signals. 75 

6. Apparatus as claimed in any one of 
the preceding claims, comprising recording 
means at the surface of the earth for re- 
cording logging information from the in- 
strumentation means. 80 

,7. Apparatus as claimed in any one of 
claims 2 to 6, wherein the extended portion 
of the housing comprises non-raagnetic 
material, the instrumentation means includ- 
ing a &"st magnet core positioned in the 85 
extended pK>rtion of the housing, a trans- 
mission coil wound around the first mag- 
net core and connected in the output cir- 
cuit of the instrumentation means, the sig-. 
nal sensing device having a cylindrical non- 90 
magnetic inner wall and a cylindrical outer 
wall separated by an annular space, a 
second magnet core positioned in said 
annular space with a receiving coil wound 
around the second magnet core, said core 95 
and said receiving coil being positioned such 
that electromagnetic coupling is achieved 
between said transmisson coil and said re- 
ceiving coil winding when said signal sensing 
device is lowered into place over the upper 100 
end. of said sealed housing. 

8. In the method of logging a well bore 
penertating the earth wherein logging in- 
strumentation is contained in a sealed hous- 
ing positioned in .the drill string in proximity 105 
to the drill bit and an electrical intelligence 
signal indicative of values of a physical 
characteristic is xecorded while the drill 
string is rotating, the improvement compris- 
ing ceasing the recording when the drilling HQ 
operaition is suspended, playing back the 
recorded electrical intelligence signal 
through an inductive circuit in response to 
an extej-nally applied play back signal, de- 
tecting said electrical intelligence signal 115 
with an inductive circuit lowered through, 
the drill string and positioned adjacent said 
housing, transmitting said detected, signal to* 
the., surf ace of the earth over an electrical 
conductor, and recording said transmitted 120 
signal as a log of said well bore. , • • 

9. A method as claimed in claim 8, where- 
in: the playback . is magnetically recorded 
and effected, at a faster tape transport speed 
than.when it. is recorded, . . ^ . 125 

.10. A method as claimed in claim 8 or 9, 
comprising lowering a signal sensing device 
through the drill, string into, close proximity 
to said. housing, applying an activating sig- 
nal magnetically recorded during drill string 130 
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by means of the sensing device to cause 
playback at a substantially faster tape trans- 
port speed of the electrical intelligence sig- 
nal to the instrumentation in said housing 
5 rotation. 

11. Apparatus for simultaneously drilling 
and -logging a well bore substantially as 
hereinbefare described with reference to 
Figs. 1 to 3, or Figs, 4 and 5, or Fig, 6 of 



the accompanying drawings. 

12. A method of logging a well bore sub- 
stantialiy as hereinbefore described with 
reference to the accompanying drawings. 

STEVENS, LANGNER, PARRY & 
ROLLINSON. 
Chartered Patent Agents. 
Agents for the Applicants. 
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